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Abstract Bird feeding is one of the most widespread direct
interactions between man and nature, and this has important
social and environmental consequences. However, this activ-
ity can differ between rural and urban habitats, due to inter alia
habitat structure, human behaviour and the composition of
wintering bird communities. We counted birds in 156 squares
(0.25 km2 each) in December 2012 and again in January 2013
in locations in and around 26 towns and cities across Poland
(in each urban area, we surveyed 3 squares and also 3 squares
in nearby rural areas). At each count, we noted the number of
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bird feeders, the number of bird feeders with food, the type of
feeders, additional food supplies potentially available for birds
(bread offered by people, bins) and finally the birds them-
selves. In winter, urban and rural areas differ in the availability
of food offered intentionally and unintentionally to birds by
humans. Both types of food availability are higher in urban
areas. Our findings suggest that different types of bird feeder
support only those species specialized for that particular food
type and this relationship is similar in urban and rural areas.
Keywords Human-wildlife interaction . Human support .
Supplemental food . Urbanization .Wintering . Urban
ecosystems . Central Europe
Introduction
Urbanization is increasing across the globe and it is recog-
nized as a major factor affecting species, populations and as-
semblages (Turner et al. 2004; Grimm et al. 2008). Although
urbanization is recognized as a major threat to biodiversity,
there is increasing evidence that urban habitats may play a role
in conservation (Jokimäki and Suhonen 1998; Chamberlain
et al. 2004; Evans et al. 2009). However, the general belief
is that more natural environments, such as rural areas, provide
a more suitable habitat for most species and thus for their
conservation (Turner et al. 2004; Evans et al. 2009). Indeed,
human settlements in rural and urban areas differ in many
structural and biotic components and even in human attitudes
concerning wildlife (Clergeau et al. 1998; Lepczyk et al.
2004). The artificial structure of the urban ecosystem often
results in inhabitants of towns and cities actively seeking con-
tact with nature and wild animals (Savard et al. 2000), but in
urban landscapes, the presence of wildlife is limited by the
availability of habitats, human disturbance, collisions with
vehicles and behavioural shyness (Fernandez-Juricic and
Jokimäki 2001; Ditchkoff et al. 2006). However, various tech-
niques are used to attract wildlife into urban areas. Among the
many different methods to increase the number of wild ani-
mals in urban areas, supplementary food provision using bird
feeders is probably the best known way to support birds in
winter.
Human settlements may be especially favourable for birds
during winter when climatic conditions are harsh and food is
in poor supply. Urban areas are heat islands during winter with
temperatures 1–2 °C higher than in the surrounding rural land-
scape (Rizwan et al. 2008; Jokimäki et al. 2009). Climatic
conditions are one of the most important constraints in the
distribution of bird species during winter (Newton 1998;
Jokimäki et al. 2009). Therefore, an urban environment may
favour bird species during this period. Urban areas usually
have a low availability of natural food resources, implying
that those species relying on these resources may be unwilling
to use urban areas for wintering. However, supplementary
feeding may reduce starvation and thus enhance winter sur-
vival in birds (Newton 1998), thus increasing the suitability of
urban areas for birds. Since food is a major factor limiting bird
populations (Newton 1998; Tratalos et al. 2007; Jokimäki
et al. 2009), the effect of supplementary feeding should be
most pronounced in a habitat where natural food resources
are scarce (Chamberlain et al. 2009), such as in urban areas
in comparison to more natural rural areas.
Bird feeding is one of the most widespread direct interac-
tions between man and nature and has important social and
environmental consequences (Tratalos et al. 2007; Robb et al.
2008a; Davies et al. 2012; Horn and Johansen 2013; Steyaert
et al. 2014). Millions of people across the world participate in
the feeding of wild birds, with almost half the households in
many developed countries participating at a total cost of bil-
lions of US dollars annually (Orros and Fellowes 2012).
Published studies indicate that winter feeding may positively
affect bird populations by increased winter survival (Jansson
et al. 1981; Brittingham and Temple 1988), enhanced breed-
ing performance (Robb et al. 2008b; Wuczyński 2010) and
predator avoidance (Dunn and Tessaglia 1994). However,
negative effects on bird populations may include higher pre-
dation pressure reported in some studies (Dunn and Tessaglia
1994), transmission of parasites and disease (Brittingham and
Temple 1988), lower egg quality (Plummer et al. 2013) and
lower hatching success (Harrison et al. 2010). From a human
perspective, bird feeding is very enjoyable (Lott 1988) but, at
a more general scale, has cascading effects on ecosystems
since studies have reported better control of plant parasites,
such as aphids, in areas with bird feeders (Orros and Fellowes
2012).
Bird feeding interacts with processes of environmental
change, thus creating a need for large-scale studies, with a
particular focus on different habitats (Robb et al. 2008a).
Feeders are, of course, directly associated with human settle-
ments surrounded by habitats varying from rural to highly
urbanized. Thus, the effects of bird feeding may be habitat-
dependent and affect the structure of bird communities and,
consequently, the urbanization processes in birds. One may
predict that birds in an urban habitat with scarce natural food
resources, such as plants or insect larvae, may be more depen-
dent on feeders than in a rural habitat where natural food
resources are more abundant, irrespective of the presence of
bird feeders (Chamberlain et al. 2009). Thus, urban environ-
ments should be an environmental filter allowing only certain
species to utilize these human-related food resources and
achieve high densities.
However, supplementary feeding of birds takes various
forms, a phenomenon not acknowledged in any previous stud-
ies. The location, size, form and other features of bird feeders
may affect their exploitation by birds. Small feeders with a
complicated structure and a small feeding area may only be
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used by small species, such as tits, and prevent larger species
from foraging, eventually affecting species assembly structure
and species interactions. Moreover, feeding may be supple-
mented with food not only in feeders but simply spread on the
ground (a resource rarely quantified) or in litter bins allowing
interspecific competition to play a major role in shaping bird
communities at feeding areas. These different forms of sup-
plementary feeding and their effect on wintering birds in dif-
ferent environments have not been previously investigated
(Steyaert et al. 2014).
The aim of the current study was to examine differences in
the value of human-provided food supplies for birds wintering
in rural and urban habitats. We also investigate the importance
of different types of bird feeder to particular bird species and
discuss how this may potentially influence the number of spe-
cies and individuals and even modify the urbanization
process.
Methods
Study areas
We recorded the population density of wintering birds in 26
towns and cities (each paired with a nearby rural area) across
Poland using the same methods (for more details, see
Tryjanowski et al. 2015). The distance between urban and
rural paired sites was 1–12 km.
Field methods
Bird feeders were recorded by direct observation, located by
following bird behaviour, as well as occasionally asking local
people. They were counted within three 0.25-km2 squares
(500 * 500 m) in each of the 26 urban areas in both
December 2012 and January 2013. The same numbers of
matched rural squares were recorded in the same period, to
give a total of 156 squares in eachmonth. Birds were observed
during favourable weather conditions (no snow or rain, good
visibility, wind below 4 m s−1) between 8:00 and 14:00 hours.
Single observers walked through each square (60–90 min per
square) to find all bird feeders, as well as all other potential
food sources provided by humans. In each square, we noted
the number of bird feeders both with and without food, the
type of feeder (details below), additional food supplies poten-
tially available to birds (e.g. bread offered by people, bins) and
finally the birds themselves. To avoid disturbance, birds at
feeders and those resting in the vicinity were counted from a
distance. For each bird feeder, in both urban and rural squares,
a control count in a similar habitat (but without available bird
feeders) was also taken at a distance of 100–250 m from the
feeder. At all points, birds were counted for a fixed time period
of 5 min. This relatively short time was sufficient for the
purposes of this study, since wintering birds exhibit a clumped
distribution (i.e. with limited movements in order to save en-
ergy), bird detection was favoured by the transparency of win-
ter habitats and by the fact that the birds wintering in settle-
ments are accustomed to human presence. The short count
time was balanced by the final large sample size (n=1067)
which was necessary to reliably compare bird occupancy at
various types of feeders, control points and in two habitats
(urban and rural).
Bird feeders were divided into five categories: (1) typical
bird table feeders with a roof providing different types of food,
mainly seeds; (2) automatic, mainly bottle-type feeder provid-
ing mixed seeds; (3) waste human food, such as bread and
boiled vegetables provided usually on the ground; (4) seeds,
i.e. mainly wheat and sunflower, placed on the ground or
balcony; and (5) pig fat and/or skin sometimes mixed with
some seeds and prepared as a block or ball (Fig. 1).
Data analysis
Descriptive statistics were carried out using the MINITAB
v.16 package. A chi-squared contingency table was used to
test differences in the proportions of types of bird feeder in
urban and rural areas. An ordination of mean numbers for the
five types of feeder and for the controls in both urban and in
rural areas (6 (types + control) × 2 habitat type combinations ×
17 species) was undertaken in the CANOCO package. A prin-
cipal components analysis (PCA) was carried out due to a
short gradient length of 1.9. This analysis was prepared for
the 17 species withmore than 100 individuals observed during
the study.
Results
Number of bird feeders and feeding sites
with supplementary food
Urban and rural areas differed significantly in the numbers of
feeders available to birds (Table 1); however, the proportion of
bird feeders with food available was similar in both areas.
Moreover, the numbers of particular types of bird feeder dif-
fered significantly between urban and rural areas (Fig. 2; χ2=
23.24, df=4, P<0.001). In particular, urban-rural differences
in feeder types 2 (automatic seed feeder), 3 (waste food) and 5
(animal fat) contributed to the large chi-squared value, while
there was little difference in other feeder types (Fig. 2).
Birds
A total of 27,217 individual birds (18,900 at bird feeders,
8317 at control points) were recorded from 51 species (44
and 45 at bird feeders and control points respectively)
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(Table A.1). The tenmost common species in decreasing order
of abundance were the following: house sparrow Passer
domesticus, feral pigeon Columba livia var. urbana, great tit
Parus major, rook Corvus frugilegus, jackdaw Corvus
monedula, tree sparrow Passer montanus, greenfinch
Chloris chloris, collared dove Streptopelia decaocto, blue tit
Cyanistes caeruleus and magpie Pica pica.
Birds were associated with particular types of bird feeder
and control points, and the first two axes of the PCA explained
60.4 % of their variability (PC1=37.9 %, PC2=22.5 %), and
both ordination axes were statistically significant at P<0.05.
A biplot of the PCA is shown in Fig. 3. In broad terms, species
to the right of the ordination had higher densities in urban
habitats. Species towards the bottom of the ordination are
those more associated with seed feeders (u2, u4, r2, r4).
There is some suggestion that the influence of urban feeders
may be greater than their rural equivalents, for example the
dominant position of u3 on the first axis.
Fig. 1 Examples of the following
bird feeder categories: 1 typical
bird table feeders with a roof; 2
automatic-type feeder providing
mixed seeds; 3 waste human
food, such as bread and boiled
vegetables on the ground; 4 seeds,
mainly wheat and sunflower,
placed on the ground; 5 pig fat
mixed with some seeds and
prepared as a ball (authors of the
pictures: S. Czyż, A. Graclik, M.
Dobrzyńska and M. Stawowy)
Table 1 A comparison of bird
feeder information between urban
and rural areas
Variable Urban Rural t value P
No. of bird feeders 15.91±0.61 8.97±0.61 −0.760 <0.001
No. of bird feeders with food 7.89±0.38 4.41±0.38 −3.430 <0.001
% of bird feeders with food 54.86±1.79 51.12±1.80 −0.483 0.143
No. of bins 5.92±0.28 1.10±0.28 −6.266 <0.001
No. of other supplementary food places 1.19±0.09 0.51±0.09 −3.146 <0.001
Data are presented as mean±SE. Sample size is 78 squares (3 plots in each among 26 cities and towns, and
accompanied rural habitats)—study plots for both urban and rural areas
15100 Environ Sci Pollut Res (2015) 22:15097–15103
Waxwing Bombycilla garrulus was the most numerous
species associated with the urban habitat, while the character-
istic species for rural areas was fieldfare Turdus pilaris.
Discussion
Even as the world becomes increasingly urbanized and inter-
connected, a distinction between urban and rural areas still
exists (Lepczyk et al. 2004; Tratalos et al. 2007; Møller
et al. 2012). Around the world, different groups of people have
varying levels of exposure to natural hazards and gradual cli-
matic change, as well as access to different coping and resil-
iency strategies that create unique sets of assets and vulnera-
bilities (Lott 1988; Lepczyk et al. 2004).
Bird feeding by humans differed between urban and rural
areas for several reasons. Human population size and the
structure of dwellings, for example big blocks of flats only
occurred in cities, affect the potential number of interactions
between humans and birds. The economic status of people can
also be important. Rural areas are rather poorer and thus they
provide cheaper bird food, such as animal fat. In contrast,
more expensive bird food is provided in the cities where
humans tend to be more affluent (Steyaert et al. 2014).
Moreover, in cities, the waste food of schools, restaurants,
supermarkets and similar places is being utilized by birds
(Robb et al. 2008a; Skórka et al. 2009; Oro et al. 2013). We
also showed clear and significant differences in the number of
bird feeders and number of bird feeders with food, both of
which were higher in cities than in rural areas. This is
potentially related to the number of inhabitants, but Davies
et al. (2012) also suggested other associations, such as the
age of the head of the household and annual income.
We showed that bird feeders are attractive places for birds
and probably support as many as 65% of individual wintering
birds in urban and rural areas (cf. data for all species in
Supplementary Material). This is in agreement with many
previous studies, which suggested that bird feeders can change
and modify winter avifauna (Cowie and Hinsley 1988; Robb
et al. 2008a, b; Jones 2011). As far as we are aware, our results
are the first evidence that these modifications can vary be-
tween rural and urban areas and are related to differences in
the type of bird feeder and also in other sources of food, such
as bins and waste food provided unintentionally by humans.
The results obtained from an ordination analysis suggest that
rural and urban areas are similar in the availability of food
from bird feeders, suggesting that bird feeders are an impor-
tant factor affecting winter bird communities, perhaps even
more than other environmental variables (Cowie and
Hinsley 1988; Strohbach et al. 2009; Oro et al. 2013).
Potentially, therefore, feeders and other supplementary food
may play a role in the further urbanization processes of birds
(Anderies et al. 2007; Chamberlain et al. 2009; Oro et al.
Fig. 2 Distribution of types of bird feeder expressed as numbers (n) in
rural (r) and urban (u) areas. 1 Typical roofed bird tables, 2 automatic seed
feeder, 3waste food, 4 seeds on the ground, 5 animal fat. For more details,
see the “Methods” section
Fig. 3 Principal component
biplot showing the relationships
between the 17 most common
bird species (see Online
Resource 1 for the species
abbreviations) with combinations
of rural (r) and urban (u) areas
and bird feeders: 1 typical roofed
bird tables, 2 automatic seed
feeder, 3 waste food, 4 seeds on
the ground, 5 animal fat, c
control points provided in both
habitat types
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2013). Some species more commonly winter in rural areas
while others favour urban areas. This is well known for large
species, such as gulls, ducks and corvids, for which cities
provide a lot of options in winter (Sorace 2002; Maciusik
et al. 2010; Polakowski et al. 2010; Tryjanowski et al.
2015), but for more farmland birds, such as yellowhammer,
finches, or tree sparrow, rural areas with farmland patches are
the more important habitat (e.g. Ciach 2012; Villén-Pérez
et al. 2013; Tryjanowski et al. 2015).
Paradoxically, animal fat appeared to be associated with
fieldfare, but this species occurs more often in rural habitats
where people hang fat and skin on fruit trees which also hap-
pen to be an important place for wintering thrushes (Skórka
et al. 2006). In this context, why the waxwing was the only
common species seemingly not affected by bird feeders is
clear, since in winter this species is associated mainly with
the fruits of ornamental trees which are more numerous in
cities (Strohbach et al. 2009; Laband et al. 2013). They only
rarely use supplementary food provided directly by humans.
Obviously, the use of different bird feeders is probably
caused by the different food provided in particular feeder
types. Other factors such as vulnerability to predators (e.g.
related to feeder location and height above the ground—
Villén-Pérez et al. 2013), and even small differences in
thermopreferences (Villén-Pérez et al. 2013) may play an im-
portant role. However, it is not possible to distinguish between
these factors without undertaking a manipulative experimental
study.
Because the bird feeding market is still increasing (Robb
et al. 2008a; Oro et al. 2013), we believe these findings have
important implications for future studies of urbanization and
for invasion biology in general. Different food and bird feeder
types in both urban and rural environments may mediate spe-
cies winter survival and species interactions and thus affect
bird communities.
Conclusions
In this large-scale study conducted in 26 locations across
Poland (156 squares of 0.25 km2), we showed marked differ-
ences between urban and rural areas regarding supplementary
feeding of wintering birds. Despite the high scale of bird feed-
ing in both areas, the intensity of feeding and the frequency of
five types of feeders were different. Much higher number of
feeders and other supplementary food sources were recorded
in urban areas confirming greater supplementary food avail-
able to birds in the cities. Consequently, twice as many win-
tering birds were noted in urban compared to rural areas.
Moreover, more than twice as many individuals were associ-
ated with supplementary feeding locations compared to con-
trol locations, both in urban and rural areas. Finally, the com-
position of bird communities was affected by supplementary
feeding. Although species richness was similar in both envi-
ronments, community composition varied according to the
type of feeders; for example, larger species (gulls, corvids)
were particularly associated with waste food in the cities and
not in the rural areas.
These data strengthen the general conclusion that artificial
food provisioning has enormous ecological impacts, affecting
the number, distribution and behaviour of birds during winter.
However, we documented clear differences in bird feeding
between urban and rural habitats and interesting patterns in
bird responses to these activities. These differences are likely
directly linked to various lifestyles and other drivers of human
society, such as economic status, attitude towards wildlife and
education. Populations of wild birds are therefore under vari-
ous pressures in response to changing urbanization gradients;
however, the long-term effects of these interactions need fur-
ther understanding.
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